Introduction
============

The contribution of medical care to population health has been a topic of scientific debate for years. McKeown's work sparked controversy, but there is agreement with his claim that clinical interventions played little part in the decline in mortality before the mid-20th century.[@ref1] Major advances in medical technology during the 20th century stimulated a re-examination of the role of health care in population health. International studies have focused on coronary heart disease. These suggest that 50-75% of the reductions in deaths from cardiac causes can be attributed to improvements in the major risk factors at population level, particularly smoking but also cholesterol levels and blood pressure,[@ref2] [@ref3] [@ref4] [@ref5] whereas the remaining 25-50% can be attributed to medical intervention. Among patients with established coronary heart disease, nearly 78% of prevented or postponed deaths are attributable to medical or surgical intervention.[@ref6]

Outstanding matters remain. The first is whether the contribution of health care to survival is similar across population subgroups. In England and Wales substantial improvements in mortality have occurred among middle aged and older people (aged 50-69) over the second half of the 20th century, particularly during the final decades.[@ref7] During this period only modest improvements in mortality occurred among 20-40 year olds but substantial improvements occurred among 50-79 year olds. Thus between 1981 and 2000, life expectancy at age 50 increased by 3.8 years among men and 2.6 years among women.[@ref8] It is particularly relevant to examine the impact of medical treatment on health outcomes in older people within the context of evidence that elderly people may be less likely to receive medical interventions, perhaps because of uncertainties over trade-offs between risks and benefit.[@ref9] [@ref10] [@ref11] There is also widespread evidence that socially disadvantaged people and women are less likely to receive treatments for cardiovascular disease compared with their affluent and male counterparts.[@ref12] [@ref13] Variations in use of health care across social groups are difficult to justify if treatment associated improvements in mortality are similar across these groups.

Secondly, it cannot be assumed that the contribution of health care to improvements in death from coronary heart disease applies to all the major causes of death. Stroke is the second most common cause of death after coronary heart disease in developed countries[@ref14] and 80% of cases occur in over 64s.[@ref15] It shares many of the risk factors with coronary heart disease yet it is associated with a slower rate of decline in mortality.[@ref7] This may be because stroke is a syndrome in which the broadest subcategories are cerebral infarct (about 80% of cases and more common with age) and cerebral haemorrhage.[@ref16] [@ref17] Whereas cerebral infarct and coronary heart disease are likely to have a common cause, the evidence suggests that cerebral haemorrhage has different causes.[@ref18] Thus, in common with coronary heart disease, the serum cholesterol level is positively associated with cerebral infarct but is inversely associated with haemorrhagic stroke,[@ref19] and there are noticeable differences in the pooled relative risks for the effect of smoking on cerebral infarct (1.92)[@ref20] and cerebral haemorrhage (1.06).[@ref21] It is possible that exposures in early life could be more important in cerebral haemorrhage.[@ref18] It is therefore plausible to suggest that the balance between the contribution of health care compared with behavioural interventions to health outcomes may be different for stroke compared with coronary heart disease. Estimates of treatment effects for individual interventions for stroke can be obtained from randomised trials, but beneficial effects tend to be lower in routine clinical practice and it cannot be assumed that the effectiveness of recommended combinations of treatment are additive and independent. Estimations of treatment effects using observational data from routine care overcome these limitations.

We analysed the contribution of secondary drug prevention to stroke survival among adults aged 50 or more between 1995 and 2005 using a national primary care dataset for England. We determined the extent to which secondary prevention for stroke varies by sex, age, and socioeconomic circumstances; whether the association between secondary prevention and one year mortality after stroke varies between social groups; and the effect of secondary prevention on one year mortality by sociodemographic group.

Methods
=======

We examined individual patient data from primary care using the health improvement network database.[@ref22] This database comprises over 15 years of individual level medical and therapeutic data on 1.99 million patients from 253 general practices across England.

The health improvement network database is similar to the general practice research database, and about half of practices in the health improvement network database also report to the general practice research database.[@ref23] However the health improvement network database has the advantage of including an indicator of socioeconomic circumstances associated with patients' postcodes. Patients' socioeconomic circumstances are determined by the area level Townsend index of deprivation.[@ref24] The index is based on four variables taken from the 2001 census and available at the output area level (about 150 households). These variables (household unemployment, overcrowding, owner occupation, and car ownership) combine to form an overall score. The higher the index score, the more deprived and disadvantaged an area is judged to be. Scores for the ward of residence of each patient are ranked and divided into fifths (1 for least deprived, 5 for most deprived). Each patient is then assigned a Townsend fifth score as a measure of their socioeconomic circumstances.

Study design
------------

We identified practices that had contributed computerised data for at least five years between 1995 and 2005. We included data only from practices that consistently recorded at least one medical record, one additional health data record (for example, a blood pressure measurement), and at least two prescriptions on average for each patient a year. This ensured inclusion of practices that fully used their computer system for consultations. We also restricted our sample to practices with acceptable mortality (based on national data and the practice's demographic profile) throughout the 11 year study period.[@ref25] The age, sex, and deprivation fifths of included and excluded patients were similar (see web extra table A).

We confined our analyses to patients who were aged 50 or more and who had a diagnosis of incident stroke recorded between 1995 and 2005. To ensure that only patients with incident stroke were examined, we excluded patients with a stroke before 1995 and included only patients with at least one year of stroke-free data before the date of the stroke. Overall we excluded 1047 patients because they did not meet the study inclusion criteria or had missing data on Townsend fifths.

The Read code classification scheme is used to code medical diagnoses in the health improvement network database.[@ref26] We included patients with codes for unspecified stroke, ischaemic (thrombotic or embolic) stroke, subarachnoid haemorrhage, and intracerebral haemorrhage.

UK clinical guidelines for the secondary prevention of stroke in primary care recommend appropriate drug combinations for ischaemic and haemorrhagic stroke.[@ref27] These state that patients with high blood pressure (systolic blood pressure \>140 mm Hg, diastolic blood pressure \>85 mm Hg) should receive antihypertensives. In addition, patients with ischaemic stroke should be given antithrombotics and lipid lowering drugs if their total cholesterol level is greater than 3.5 mmol/l. Recent evidence suggests that the benefits of reducing blood pressure and cholesterol levels are irrespective of their baseline levels.[@ref28] [@ref29] Furthermore, 70% of men and 84% of women aged over 50 have high total cholesterol levels (\>5 mmol/l),[@ref30] so most, if not all, patients with ischaemic stroke would be eligible to receive lipid lowering drugs and antihypertensives. As this evidence was available only for the latter part of the study period we designed two sets of analyses. Firstly, we assumed that all patients with ischaemic stroke were eligible to receive antihypertensives and lipid lowering drugs, as suggested by recent evidence (in addition to antithrombotics). In the second analysis we restricted the sample to patients eligible to receive antihypertensives, as defined by the guidelines. We did not restrict the sample on the basis of cholesterol levels because of our experience of inconsistency in data entry on this variable in the health improvement network database.

Drugs in the health improvement network dataset are assigned codes from the *British National Formulary*.[@ref31] We therefore used these codes to identify all blood pressure lowering drugs, lipid lowering drugs, and antithrombotics. Drugs selected for analysis were lipid regulators, antithrombotics (antiplatelets or anticoagulants), and antihypertensives, including diuretics, β blockers, angiotensin converting enzyme inhibitors, calcium channel blockers, α adrenoceptor blockers, and adrenergics.

We defined secondary drug prevention as being prescribed either antihypertensives plus lipid lowering drugs plus antithrombotics or antihypertensives plus lipid lowering drugs.

We assumed that prescriptions provided between 0 and 90 days from the initial date of the stroke diagnosis were prescribed for the event. This period was chosen because once discharged from hospital, patients may be given prescriptions by the hospital pharmacy but repeat prescriptions would come from primary care. We also had to take account of the drugs being prescribed for conditions other than stroke. To increase the likelihood that the treatment was related to the stroke event we chose a cut-off point of 90 days. The treatment period began immediately after the stroke to ensure that we included all secondary prevention provided within primary care.

Lipid lowering drugs are contraindicated in patients with active liver disease; antiplatelets are contraindicated in patients with severe liver disease, peptic ulcers, and taking anticoagulants; β blockers are contraindicated in patients with asthma or chronic obstructive pulmonary disease; certain antihypertensives (particularly angiotensin converting enzyme inhibitors) may be contraindicated or cause complications in patients with chronic renal disease.[@ref32] We carried out sensitivity analyses after adjustment for evidence of liver disease only (Read codes A7, 44D, J60-J63, 43B, ZV02B, ZV02C) at any time before the stroke diagnosis until 90 days from the date of diagnosis. We did not adjust analyses for asthma, chronic obstructive pulmonary disease, or chronic renal disease because the availability of several classes of antihypertensives allows alternative drugs to be prescribed, as recommended in national guidance.[@ref33] It was unnecessary to adjust for those conditions for which antiplatelets are contraindicated because our definition of secondary prevention took account of the fact that these drugs might be contraindicated. Finally, we did not adjust for coronary artery disease because of the high colinearity between drugs used for secondary prevention of stroke and those used for coronary artery disease.

Patients who died within 30 days of a stroke were not included in the analyses because most (85-90%) patients with stroke were admitted to hospital[@ref34] for a mean of 30 days during the period of study.[@ref35] This exclusion criterion allowed us to examine the association between mortality and treatment provided by primary care. Our discussion of mortality within the first year assumes that the patient survived the first 30 days.

Smoking has a potential confounding effect between the social factors measured and stroke mortality. Patients' smoking status was defined according to their closest record to the date of stroke. We categorised patients whose smoking status was recorded at any point before to one year after the diagnosis of incident stroke into several groups: smoker, non-smoker, former smoker before stroke, and former smoker after stroke. We created a binary smoking variable: current smoker at stroke date (including former smoker after stroke) compared with not current smoker (including non-smoker and former smoker before stroke).

We used registration data to identify patients who died (all causes). Patient time was calculated from the 31 days after the date of the first record of the stroke to the date of death, the date that the patient left practice, the last data collection from the practice, or end of the study period, whichever came first.

Statistical analysis
--------------------

To investigate univariable and multivariable associations between the odds of receiving secondary drug prevention and sex, age group, and deprivation fifth (socioeconomic circumstances), we undertook logistic regression with standard errors adjusted for clustering by general practice. In the multivariable model we adjusted each factor for the other factors examined (sex, age group, and Townsend fifth). A lower than expected proportion of patients were smokers suggesting some misclassification (for example, smokers who said they were non-smokers). As this could introduce bias we excluded the variable "smoking status" in the main analyses but included it in secondary analyses. To further examine the association between patient characteristics and appropriate treatment we developed three further regression models with the outcome variable secondary prevention replaced, respectively, by lipid lowering drugs, antihypertensives, and antithrombotics (all yes or no). In view of the sharp rise in the use of lipid lowering drugs during the study period, we also investigated whether the associations for use of lipid lowering drugs changed over time by fitting models with a dichotomous time variable (1995-9, 2000-5) and the relevant interaction terms.

We applied the Cox proportional hazard model to investigate univariable and multivariable associations between one year mortality and sex, age group, socioeconomic circumstances, and secondary prevention, adjusted for clustering by general practice. In each multivariable model each factor was adjusted for all the other factors examined. The smoking status variable was included in secondary analyses. We created and tested interaction terms between treatment and the other covariates to investigate potential differential treatment associations. The Wald test was used to test for statistical significance. We checked the proportional hazards assumption using Schoenfeld residuals. We used Stata 9.2 for all analyses.

To quantify the effect of secondary prevention on mortality we evaluated the probabilities of mortality within the first year for those social factors of interest (adjusting for the other social factors) and treatment. We repeated the analyses having restricted the sample to patients with blood pressure records and who were eligible to receive antihypertensives.

Sensitivity analyses were done by increasing the prescription period to 365 days because some, particularly elderly, patients may stay in hospital for long periods after stroke. We repeated the analyses adjusted for the presence of liver disease. When we examined the association between patient characteristics and drug treatment, only the model for lipid lowering drugs was adjusted for liver disease.

Results
=======

In total, 12 830 patients from 113 practices across England were included in the study (figure[](#fig1){ref-type="fig"}): 11 202 (87.3%) had a diagnosis of unspecified stroke, 1019 (7.9%) of ischaemic stroke, 351 (2.7%) of intracerebral haemorrhage, and 258 (2%) of subarachnoid haemorrhage. Because of the high proportion of strokes classed as unspecified it was not possible to distinguish those patients with ischaemic stroke for whom antithrombotic and lipid lowering therapy would be appropriate. As studies have reported that most strokes are ischaemic[@ref17] the analyses assume that all patients were eligible to receive antihypertensives and lipid lowering drugs. The results of these analyses are illustrated in the tables. In addition we have provided results that were limited to the 6820 (53.2%) patients eligible to receive antihypertensives (860 patients were excluded because they were normotensive and 5150 were excluded because they had no blood pressure recorded). When the analyses were adjusted for smoking status, the 11 791 (91.9%) patients with a record for smoking status were included, of whom 1989 (16.9%) were current smokers. Overall, 221 (1.7%) patients had a record of liver disease.

![Steps taken in selecting practices contributing data to health improvement network database and patient records for analysis. \*Patients with missing data on age. Data on sex were excluded before data extract was received](rair605212.f1_default){#fig1}

Variation in secondary prevention by sex, age group, and deprivation
--------------------------------------------------------------------

Univariable analyses (table 1[](#tbl1){ref-type="table"}) indicated that men were more likely to receive secondary prevention than women (25.6% of men *v* 20.8% of women). The odds of receiving secondary prevention decreased for patients aged over 80: 26.4% of patients aged 50-59 received treatment compared with 15.6% of patients aged 80-89 and 4.2% aged 90 or more. The proportions of patients receiving treatment in each Townsend fifth were similar, ranging from 21.7% to 24.0%.

###### 

 Odds ratio for association between secondary drug prevention and sex, Townsend fifth, and age

  Variable                  No of patients   No (%) of patients receiving secondary drug prevention\*   Univariable model               Multivariable model†       
  ------------------------- ---------------- ---------------------------------------------------------- --------------------- --------- ---------------------- --- ---------
  Men                       6228             1594 (25.6)                                                1                     \<0.001                          1   0.07
  Women                     6602             1372 (20.8)                                                0.76 (0.70 to 0.84)             0.90 (0.80 to 1.01)        
  Townsend fifth:                                                                                                                                                  
   First (least deprived)   3159             748 (23.7)                                                 1                     0.36                             1   0.44
   Second                   2829             677 (23.9)                                                 1.01 (0.86 to 1.19)             1.04 (0.88 to 1.23)        
   Third                    2719             590 (21.7)                                                 0.89 (0.75 to 1.06)             0.92 (0.78 to 1.10)        
   Fourth                   2432             546 (22.5)                                                 0.93 (0.74 to 1.17)             0.94 (0.73 to 1.21)        
   Fifth (most deprived)    1691             405 (24.0)                                                 1.02 (0.78 to 1.32)             1.01 (0.76 to 1.34)        
  Age group:                                                                                                                                                       
   50-59                    1639             432 (26.4)                                                 1                     \<0.001                          1   \<0.001
   60-69                    2749             820 (29.8)                                                 1.19 (1.00 to 1.42)             1.19 (1.00 to 1.42)        
   70-79                    4319             1155 (26.7)                                                1.02 (0.85 to 1.22)             1.03 (0.86 to 1.24)        
   80-89                    3387             528 (15.6)                                                 0.52 (0.40 to 0.66)             0.53 (0.41 to 0.69)        
   ≥90                      736              31 (4.2)                                                   0.12 (0.08 to 0.19)             0.13 (0.08 to 0.21)        

Standard errors adjusted for clustering (113 practices); n=12 830.

\*Secondary drug prevention prescribed within 0-90 days of incident stroke.

†Each risk factor (sex, Townsend fifth, age group) adjusted for other factors.

‡Wald test.

The differences in the proportions receiving treatment between the age groups persisted in multivariable analyses. In particular, the odds for receiving treatment decreased for the over 80s. Compared with patients aged 50-59 the odds of receiving treatment for those aged 80-89 was 0.53 (95% confidence interval 0.41 to 0.69) and for those aged 90 or more was 0.13 (0.08 to 0.21). After adjustment for age and deprivation, weak evidence showed an association between sex and receipt of treatment (0.90, 0.80 to 1.01, P=0.07) and no evidence of variation between Townsend fifths.

The findings were not changed by adjusting for smoking status (see web extra table C) or liver disease (see web extra table F) or by restricting the analysis to patients eligible to receive antihypertensives. Expanding the prescription period led to the identification of 797 new cases receiving secondary drug prevention, with similar proportional increases in cases for each age group. This did not alter the findings.

Overall, 32% of men and 25.7% of women received lipid lowering drugs, just over 60% of both sexes received antihypertensives, and 62.3% of men and 60.4% of women received antithrombotics (see web extra table B). The odds of being prescribed individual drugs varied by age group. There was also some evidence of variation by sex (table 2[](#tbl2){ref-type="table"}). Thus there was strong evidence of a lower probability of receiving lipid lowering drugs for the over 80s. Compared with patients aged 50-59 the odds for patients aged 80-89 receiving treatment was 0.44 (95% confidence interval 0.33 to 0.59) and for those aged 90 or more was 0.12 (0.08 to 0.19). These results were not affected by adjustment for liver disease (see web extra table G).

###### 

 Odds ratio for association between lipid lowering drugs, antihypertensive or antithrombotic drugs\*, and sex, Townsend fifth, and age

  Variable                  Multivariable models†                                                                    
  ------------------------- ----------------------- --------- --------------------- --- --------------------- -- --- ---------
  Men                       1                       0.03                            1   0.64                     1   \<0.01
  Women                     0.88 (0.79 to 0.99)               0.98 (0.88 to 1.08)       0.85 (0.75 to 0.96)          
  Townsend fifth:                                                                                                    
   First (least deprived)   1                       0.72                            1   0.67                     1   0.27
   Second                   1.03 (0.87 to 1.21)               1.03 (0.91 to 1.15)       1.16 (1.00 to 1.34)          
   Third                    0.94 (0.79 to 1.13)               0.99 (0.86 to 1.13)       1.14 (0.97 to 1.34)          
   Fourth                   1.01 (0.76 to 1.32)               1.05 (0.83 to 1.33)       1.39 (1.03 to 1.88)          
   Fifth (most deprived)    0.98 (0.72 to 1.33)               1.12 (0.87 to 1.45)       1.41 (1.02 to 1.95)          
  Age group:                                                                                                         
   50-59                    1                       \<0.001                         1   \<0.001                  1   \<0.001
   60-69                    1.13 (0.96 to 1.34)               1.41 (1.21 to 1.63)       2.08 (1.79 to 2.41)          
   70-79                    0.86 (0.70 to 1.05)               1.76 (1.46 to 2.11)       2.87 (2.27 to 3.63)          
   80-89                    0.44 (0.33 to 0.59)               1.53 (1.18 to 1.99)       2.92 (2.09 to 4.09)          
   ≥90                      0.12 (0.08 to 0.19)               1.17 (0.87 to 1.57)       2.38 (1.63 to 3.48)          

Standard errors adjusted for clustering (113 practices); n=12 830.

\*Drugs prescribed within 0-90 days of incident stroke.

†Each risk factor (sex, Townsend fifth, age group) adjusted for other factors.

‡Wald test.

When the interaction between age group and period was examined, between 1995 and 1999 the differences between older and younger people were large. For example, compared with 50-59 year olds the odds of those aged 80 or more receiving lipid lowering treatment was 0.05 (0.03 to 0.09). Between 2000 and 2005, however, the gap had narrowed, although older people were still less likely to receive treatment: odds ratio for patients aged 80 or more 0.36 (0.28 to 0.46).

The odds of being prescribed antithrombotics, however, increased with increasing age. Thus compared with patients aged 50-59 the odds of patients aged 80-89 receiving antithrombotics was 2.92 (2.09 to 4.09). The odds of being prescribed antihypertensives was also generally higher for older ages, with patients aged 70-79 having the highest chance of receiving such drugs (1.76, 1.46 to 2.11).

There was evidence that women were less likely to receive lipid lowering drugs (0.88, 0.79 to 0.99) and antithrombotics (0.85, 0.75 to 0.96). The probability of receiving antihypertensives did not differ between the sexes. Finally, there was no evidence of a difference in the probability of receiving any of the three categories of drugs by socioeconomic circumstances.

When analyses were restricted to patients eligible to receive antihypertensives, there was evidence that patients in the most deprived fifth were more likely to receive antihypertensives (1.43, 1.03 to 1.98). The findings were not altered by adjusting for smoking status (see web extra table D) or by expanding the treatment period.

Secondary drug prevention and risk of mortality within first year
-----------------------------------------------------------------

In total, 10.4% of men and 12.5% of women died between 31 and 365 days after stroke (table 3[](#tbl3){ref-type="table"}). Univariable analyses showed that risk of mortality within the first year was associated with secondary drug prevention, age group, socioeconomic circumstances, and sex. The risk of mortality was lower in those who received secondary drug prevention (hazard ratio 0.38, 95% confidence interval 0.31 to 0.46), younger patients, and men. There was some evidence of an association with Townsend fifth (P=0.06). The multivariable analysis showed similar associations for receipt of secondary drug prevention (0.50, 0.42 to 0.59), and with age and socioeconomic circumstances. Thus compared with 50-59 year olds, the risk of mortality increased with each decade: the hazard ratio among 60-69 year olds was 1.66 (1.24 to 2.23) and among 80-89 year olds was 5.63 (4.03 to 7.86). There was some evidence for different survival experiences by Townsend fifth. Compared with patients in the least deprived fifth, those in the most deprived fifth had an increased risk of mortality (1.29, 1.07 to 1.55). However, the adjusted risk of mortality by sex showed that women had a lower risk of mortality than men (0.86, 0.77 to 0.96). This was due to the presence of a larger proportion of women (40.8%) than men (23.0%) aged 80 or more with stroke. The findings were not altered when adjusting for liver disease (see web extra table H), restricting the analyses to patients eligible to receive antihypertensives, expanding the treatment period, or adjusting for smoking status (see web extra table E). There was no evidence to indicate a violation of the proportional hazards assumption.

###### 

 Hazard ratio for association between mortality and sex, secondary drug prevention, Townsend fifth, and age

  Variable                     No of patients   No (%) of deaths\*   Univariable models                Multivariable model†        
  ---------------------------- ---------------- -------------------- ----------------------- --------- ----------------------- --- ---------
  Men                          6228             650 (10.4)           1                       \<0.001                           1   \<0.01
  Women                        6602             823 (12.5)           1.22 (1.10 to 1.35)               0.86 (0.77 to 0.96)         
  Secondary drug prevention:                                                                                                       
   No                          9864             1322 (13.4)          1                       \<0.001                           1   \<0.001
   Yes                         2966             151 (5.1)            0.38 (0.31 to 0.46)               0.50 (0.42 to 0.59)         
  Townsend fifth:                                                                                                                  
   First (least deprived)      3159             326 (10.3)           1                       0.06                              1   0.05
   Second                      2829             344 (12.2)           1.20 (1.02 to 1.41)               1.16 (0.99 to 1.36)         
   Third                       2719             325 (11.9)           1.18 (0.98 to 1.42)               1.11 (0.93 to 1.32)         
   Fourth                      2432             268 (11.0)           1.07 (0.85 to 1.35)               1.07 (0.88 to 1.30)         
   Fifth (most deprived)       1691             210 (12.4)           1.22 (1.00 to 1.50)               1.29 (1.07 to 1.55)         
  Age group:                                                                                                                       
   50-59                       1639             54 (3.3)             1                       \<0.001                           1   \<0.001
   60-69                       2749             146 (5.3)            1.63 (1.22 to 2.18)               1.66 (1.24 to 2.23)         
   70-79                       4319             407 (9.4)            2.95 (2.18 to 3.99)               2.99 (2.20 to 4.06)         
   80-89                       3387             586 (17.3)           5.78 (4.23 to 7.91)               5.63 (4.03 to 7.86)         
   ≥90                         736              280 (38.0)           14.99 (10.8 to 20.77)             14.17 (9.91 to 20.26)       

Standard errors adjusted for clustering (113 practices), n=12 830.

\*Deaths within 31-365 days of incident stroke.

†Each risk factor (sex, secondary drug prevention, Townsend fifth, age group) adjusted for other factors.

‡Wald test.

Effect of secondary drug prevention on risk of mortality within first year by age and sex
-----------------------------------------------------------------------------------------

Analyses using the multivariable Cox proportional hazards model with interaction terms provided no evidence that the effect of treatment was modified by sex (P=0.76) or age (P=0.29). There was some evidence (P=0.02) of a modification by Townsend fifth. However there was no trend across the deprivation fifths.

Model based estimates of dying within one year suggested that, on average, patients receiving treatment had a 5.7% probability of death compared with 11.1% of patients not receiving treatment. These values changed little by sex and across Townsend fifths. Younger patients, because of their lower mortality rate, exhibited little absolute difference in mortality (2% of treated patients compared with 3.9% of untreated patients among 50-59 year olds), whereas older patients exhibited a larger absolute difference (10.5% of treated patients compared with 20% of untreated patients among 80-89 year olds).

Discussion
==========

In this national study of nearly 13 000 patients aged 50 years or more from 113 practices in primary care, we found low rates of receipt of secondary drug prevention: only 25.6% of men and 20.8% of women received treatment. We also found evidence of an association of reduced treatment with older age, with the odds of 80-89 year olds receiving secondary prevention nearly half that of 50-59 year olds. This was because older people were less likely to receive lipid lowering drugs (more so in the late 1990s than the early 2000s). This variation in treatment is important because the receipt of secondary drug prevention for patients who survived the first 30 days after a stroke was associated with a 50% reduction in the hazard of dying during the first year. This reduction had different implications for different age groups as a result of the underlying increased rates of mortality for older people---that is, a 10.5% absolute difference in risk of mortality during the first year for 80-89 year olds compared with a 2.0% difference for 50-59 year olds. Crucially there was little evidence that the effect of treatment differed between the social groups examined.

We did, however, find some evidence for different survival experiences by Townsend fifth and sex that could not be explained by differences in treatment. The most socially disadvantaged patients had lower one year survival than their most advantaged counterparts, and women had a higher likelihood of one year survival than men. The findings were not altered by adjustment for smoking status or liver disease or extension of the prescription period.

Strengths and limitations of the study
--------------------------------------

We measured the relation between receipt of recommended combinations of drug treatments and one year mortality within primary care. The size of the beneficial effect of drug treatment combinations in routine clinical practice has not been previously shown. Meta-analyses of randomised controlled trials have established the effect of individual drugs for secondary prevention.[@ref36] [@ref37] [@ref38] However, treatment effects in routine clinical practice tend to be lower than in randomised trials (N Bennett and R Hooker, personal communication, 1996) and it cannot be assumed that all interventions have independent effects.[@ref39] A modelling exercise of the potential effectiveness of combining multiple interventions (including drugs, dietary modification, and exercise) estimated that at least 80% of recurrent strokes might be prevented by a comprehensive multifactorial approach.[@ref40] This estimate is similar to that which would be produced by Wald and Law's proposed "polypill" for vascular prevention.[@ref41] These approaches, however, also assumed that all interventions have independent effects and used estimates of treatment effects from randomised trials. By using the health improvement network dataset, which contains well recorded data on prescribing, we were able to establish the effect on one year survival of treatment in routine clinical practice and whether this varied between ages, sex, and socioeconomic circumstances. Use of this large dataset also enabled the calculation of precise effect estimates. All patients registered with a practice were included so selection bias should not be a problem. We excluded practices which did not fully use their computer system for consultations and those with inconsistent numbers of deaths for the practice for at least one year during the study period. We also excluded patients who did not meet the study inclusion criteria and those with missing Townsend scores. (The small numbers of patients with missing data on age and sex were excluded from the dataset before we received it.) In addition, the health improvement network database comprises general practices across England, enabling estimation of national trends overall as well as in different social groups.

The representativeness and the quality of data from the health improvement network has been compared with other databases. These show that when compared with the quality and outcomes framework, the health improvement network database contains nationally representative data for coronary heart disease and diabetes (BT Blak, M Thompson, and A Bourke. Ninth annual conference of the UK Federation of Primary Care Research Organisations, Liverpool, 2006). The health improvement network database produces similar results to the general practice research database when testing well established epidemiological associations between diseases and between diseases and drugs[@ref42] and when detecting disease outcomes,[@ref43] and the baseline characteristics and levels of recording of cardiovascular risk factors are similar in the health improvement network and QResearch databases.[@ref44]

However, our study also shares limitations of research using routinely collected data on patients. This includes non-standardised coding of date of diagnosis for incident stroke and non-standardised and incomplete coding of stroke subtype, comorbidity, management, and cause of death. Although we were able to examine the appropriateness of antihypertensive treatment, incomplete coding of stroke subtype and a lack of data on lipid levels meant that we were unable to assess patterns of prescribing by stroke type. This is relevant because experimental evidence suggests that lipid lowering drugs may not be indicated after haemorrhagic stroke. This research was, however, published after the period studied and so could not have influenced clinical decision making,[@ref45] (although observational evidence of the inverse association between serum cholesterol levels and haemorrhagic stroke was available during the period studied). Although the availability of data on stroke subtypes and lipid levels would have been valuable, haemorrhagic stroke occurs in a few patients with stroke so is unlikely to have had a major impact on our results. Had we been able to distinguish between subtypes, any social variations found in use of lipid lowering and antiplatelet drugs would have to be viewed in the context of differences in risk factors for the subtypes of stroke and social variations in the prevalence of these risk factors.[@ref18] Had we been able to take account of lipid levels in the analyses, this would not be expected to alter the age effects because of the high total cholesterol levels observed in men and women after age 45.[@ref30] [@ref46] Inaccurate and missing data on blood pressure levels may also explain the results of our subgroup analyses for antihypertensive treatment. Only 221 (1.72%) patients had a record of liver disease. This proportion of patients would not have been expected to have an impact on the results. Missing data may account for the small number of patients with recorded liver disease. A small retrospective analysis of primary care data from the United States suggests that the prevalence of chronic liver disease was 3.7%.[@ref47]

Overall, 92% of patients had smoking status recorded within five years of stroke. The proportion of patients who were current smokers was lower than expected (16.9% compared with 60% of patients who in other studies reported being current or former smokers).[@ref16] [@ref48] This may be due, for example, to a smoker giving their smoking status as non-smoker. This potential misclassification could introduce bias, hence the results adjusted for smoking should be interpreted with caution. That said, the results after adjustment for smoking status are plausible; given the association of smoking with deprivation,[@ref49] adjustment for smoking would be expected to reduce any association between deprivation and stroke mortality. In this case there was no strong association between deprivation and mortality before adjustment and when we adjusted for smoking there remained no strong association.

Although data on cause of death were incomplete, data on all cause mortality were available. Such data are commonly used in preference to data on disease specific mortality because of known incompleteness and inaccuracies in recording cause of death and because other research has shown that the most common cause of death in the first year after stroke was the index stroke (64%).[@ref50]

Several other methodological issues need to be taken into account. Firstly, to limit overlap between treatment and outcome periods (0-90 days and 31-365 days, respectively), we decided to use the 90 day cut-off point for prescriptions in our main analysis. This minimised the possibility of immortal time bias or survival bias, which can lead to overestimation of treatment effect in epidemiological studies.[@ref51] The remaining 60 day overlap between the treatment and outcome periods could nevertheless have led to some overestimation of treatment effects. Secondly, we used a well established method of assigning socioeconomic characteristics based on area of residence. This method rests on the assumption that people conform to the socioeconomic profile of their residential area. We do therefore recognise that misclassifications of individuals' socioeconomic circumstances can cause underestimates or overestimates of the relation between socioeconomic circumstances and treatment use and mortality. Thirdly, we confined our survival analyses to one year after stroke for analytical reasons. We used the Cox proportional hazards model, which assumes that the proportional effect of any variable on risk of mortality does not change over time. This assumption is not likely to hold over longer periods (more than one year) since the effect of treatment is maximal in the short term. However, this limitation is justified because the risk of death is greatest in the first year after stroke. Finally, we cannot assume that prescribing secondary drug prevention during the first year after stroke is maintained in the longer term.

Comparison with other studies
-----------------------------

We found low rates of prescribing of effective secondary prevention in patients after stroke. Another analysis of English data (collected in south London during the 1990s) found higher treatment rates: 72.9% of patients considered appropriate for antithrombotics and 70.5% considered appropriate for antihypertensives actually received them.[@ref52] A strength of this study was its ability to classify the subtype of stroke. However, it was a small local study of 457 patients and limitations about misclassification of patients' appropriateness for preventive therapy were noted. A much larger study of nearly 45 000 Canadian patients with stroke reported low rates of aspirin use (38.1% in men and 35.6% in women).[@ref53] In another Canadian study of over 390 000 patients aged 66 years or more and with a history of cardiovascular disease only 19.1% were prescribed statins.[@ref54]

Although there is a considerable literature on social differences in treatment use across a diverse range of conditions,[@ref12] [@ref13] few studies have examined care after stroke. The south London study examined management using antithrombotics and antihypertensives three months after ischaemic stroke. It found no associations between treatment use and age, social class, or sex.[@ref52] It also failed to show significant differences in the recurrence free survival rate between patients who did and did not receive antithrombotics and antihypertensives after stroke. A much larger national study of prescribing lipid lowering drugs in primary care for coronary heart disease found a reduced likelihood of receiving such drugs with increasing age (as in our study) and in women. A weak socioeconomic gradient was also detected.[@ref55] In addition, a Swedish national study of patients after stroke found that, in common with our results, women received antithrombotics less often than men.[@ref56]

Our results are in line with previous research, which has documented better one year survival in older women than in elderly men.[@ref53] [@ref57] [@ref58] Other research has also found lower survival among socially disadvantaged groups.[@ref14] [@ref59] The mechanisms through which socioeconomic circumstances affect stroke outcomes are unclear. Our findings of the lack of a social gradient in secondary prevention raises questions about the extent to which the social gradient can be explained by social variations in stroke severity (which is also socially patterned) and in the maintenance of unhealthy behaviours. A high prevalence of risk factors for stroke (blood pressure, smoking, diabetes, physical inactivity, obesity) in disadvantaged groups has been widely reported.[@ref14] However estimates vary as to how much of the difference in stroke outcome by socioeconomic circumstances can be accounted for by variations in prevalence of risk factors.

Other research that has tackled the question of the benefits of treatment among older people is in line with our findings. A meta-analysis of trials including patients aged 65 to 82 found that lipid lowering drugs reduce all cause mortality in elderly people.[@ref36] Extrapolation to older patients in the "real world" is supported by observational data, which showed that older patients attained a greater absolute risk reduction than younger patients. In addition, the incidence of adverse effects was similar in patients under 65 and over 65.[@ref60] [@ref61] Moreover, the cost effectiveness ratio has been shown to be favourable in elderly people because they have a higher risk of mortality and morbidity. Finally, the magnitude of relative risk reduction for mortality or major morbidity was similar between the sexes.

Implications and conclusions
----------------------------

The enduring interest in McKeown's ideas can be explained by the ongoing relevance of the question that underlies them. This concerns the importance of medical interventions, compared with social, political, and economic measures on health status and inequalities in health. A large body of research suggests that broad measures to redistribute resources are required to improve health and reduce inequalities in health.[@ref62] However our findings on the contribution of medical care across population subgroups adds to the literature in this area,[@ref2] [@ref3] [@ref4] [@ref5] [@ref6] which suggests that medical interventions and social change should be viewed not as opposing choices but as complementing each other.[@ref1]

It is reassuring that, in contrast with the evidence for other conditions, this national study of patients after stroke did not find that socially disadvantaged patients were less likely to receive treatment than their more affluent counterparts. Indeed, we report increased use of antiplatelets among certain social groups (older and more deprived patients). This is likely to be explained in part by the over the counter availability of aspirin for people who are not eligible for free prescriptions but can afford to pay.

Of more concern is the finding of under-use of lipid lowering therapies among elderly people. The low treatment rates may in part be explained by the fact that the first national clinical guidelines for stroke were not published until half way through the period under study. It may also be that doctors who care for patients with multiple comorbidities focus on these rather than on secondary prevention. However neither of these explanations account for the under-use of lipid lowering drugs only, which suggests that this may be due to the pressure that expensive lipid lowering drugs have on the primary care budget. Alternatively, variations in the use of evidence based therapies may be appropriate if they are secondary to variations in effectiveness, cost effectiveness, or the likelihood of adverse consequences and of adherence to treatment. It has been suggested that these factors may explain under-use in elderly people.[@ref63] Thus doctors may have concerns about the generalisability of results from clinical trial to older patients with comorbidities. However the relative survival benefits associated with lipid lowering drugs have been shown across multiple subgroups, including elderly patients.[@ref54] Furthermore, the rate of severe complications has been shown to be low.[@ref54] Doctors may also be reluctant to prescribe therapies to patients thought unlikely to adhere to treatment---for example, elderly patients exhibiting cognitive, functional, or social decline. However we found an increased likelihood of being prescribed antihypertensive and antiplatelet treatments with increasing age, so concerns about adherence to lipid lowering drugs alone are an unlikely explanation. Moreover, analysis of a database of British men with stroke found that concerns about adherence did not seem to explain low rates of medication[@ref64] and there is evidence of good compliance rates in elderly patients.[@ref65] Finally, lipid lowering drugs for secondary prevention in elderly people have been shown to be cost effective.[@ref66] Thus the evidence suggests that concerns about the trade-off between benefits and risks in elderly people may be exaggerated and that one year survival benefit is not modified by age. Therefore under-treatment of older people cannot be justified, unless it is explained by informed patient choice.

The delivery of effective secondary prevention after stroke is primarily the concern of primary care. Such inequalities must therefore be addressed if the UK government is to fulfil its commitment to reducing inequalities in health by improving access to primary care. Recent evidence suggests that the introduction of primary care performance indicators may contribute to the generation of more equitable health care.[@ref67]

### What is already known on this topic

1.  Recent research on the contribution of medical care to population health has focused on the reduction in mortality from coronary heart disease

2.  The contribution of medical care for other major conditions, including stroke, has, however, not been quantified

### What this study adds

1.  Patients aged over 80 are less likely to receive secondary drug prevention after stroke than younger patients

2.  Evidence suggested that women were less likely to receive treatment than men but that socioeconomic status was not associated with differences in treatment

3.  Under-treatment of older people cannot be justified in terms of variations in effectiveness because older people are at least as likely to benefit from treatment as younger people
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